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IMAGE PROCESSING UNIT 



BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention generally relates to an image processing unit ? and 
5 more particularly to an image processing unit suitable for an image recording 
and regenerating unit, such as a digital camera, which can thin out an image data 
inputted by means of a CCD imaging device with a multiple pixels and display a 
moving image according to a resolution of a display unit. 

Description of Related Art 

10 An art for obtaining an image data by converting an optical image into an 

electron image signal by means of an imaging device such as a CCD and 
processing the electron image signal is widely known. In Japanese Patent 
Provisional Publication No. 8-51509, when an A/D converter converts analog R, 
G and B signals into a digital signal, a sampling signal generating circuit thins 

15 out R and B data to reduce a data amount in order to enable the reduction of a 
memory capacity. 

Conventionally, when an image data inputted from a single plate CCD 
with a multiple pixels is displayed as a moving image, the image data is properly 
thinned to reduce the image data in accordance with a resolution of a display unit. 

20 The reduction of the image data may be performed in various manners. For 
example, if pixels of the CCD are arranged in G-stripe arrangement, R (red) data, 
G (green) data and B (blue) data for all the pixels are generated (three-lined) 
from a CCD output data (one-line data) which has dot-sequential R, G, B, G, R, 
G, B, G, ... color information outputted from an output part of a horizontal 

25 transfer passage and then the three-lined data are thinned out at an appropriate 
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thinning rate. 

On the other hand, if pixels of the CCD are arranged in Bayer 
arrangement, a method is usually adopted in which a one-line data of an RG line 
which has R, G, R, G, R, G, ... color information or a GB line which has G, B ? G, 
5 B, G, B, . . . color information is two-lined and then the two-lined data is thinned 
out. 

These conventional methods, however, in which the whole data obtained 
from the output part of the horizontal transfer passage is inputted to a signal 
processing part, which three-lines (or two-lines) the whole data and then thins 

10 out the whole data, depend on a thinning function such as a signal processing 
LSI, a reduction function, a capacity of a built-in buffer and so on. In addition, 
as the number of pixels of a CCD rises with a demand for high image quality, a 
frequency of a clock for driving the CCD rises to acquire a resolution (an active 
resolution) for displaying a moving image. Signal processing with a clock with 

15 a high frequency increases the consumption of electricity. 



SUMMARY O F THE INVENTIO N 

The present invention has been developed in view of the above-described 
circumstances, and has as its object the provision of an image processing unit 
which is capable of thinning pixels of an image data obtained from a single plate 
20 CCD with a multiple pixels without changing the arrangement of the pixels to 
enable a reduction of a memory capacity and reduce the consumption of 
electricity. 

To achieve the above-described object, the present invention is directed 
to an image processing unit, comprising: a frequency dividing device that divides 
25 a frequency of a drive clock for an imaging device; an A/D converting device 
that converts an image signal outputted from said imaging device according to 
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said drive clock into a digital image data; and a signal processing part that 
captures said digital image data outputted from said A/D converting device in 
synchronization with a frequency-divided clock outputted from said frequency 
dividing device, and that processes said digital image data. 
5 According to the present invention, the A/D converting device converts 

the analog imaging signal read from the imaging device into the digital data 
synchronous with the drive clock for the imaging device and inputting the 
frequency-divided clock to the signal processing part when the digital data is 
inputted to the signal processing part. The data inputted to the signal 

10 processing part is thinned in accordance with a frequency-dividing rate since the 
image data is inputted to the signal processing part in synchronization with the 
frequency-divided clock. Thus, the pixels of the image data obtained from the 
single plate CCD can be thinned out without changing the arrangement of the 
pixels to enable a reduction of a memory capacity and reduce the consumption of 

15 electricity. 

Specially, dividing the frequency of the drive clock by an odd number 
thins out the pixels of the image data obtained from the single plate CCD to 
{l/(the odd number)}, whether the pixels are arranged in G-stripe or Bayer 
arrangement. 

20 To achieve the above-described object, the present invention is directed 

to an image processing unit, comprising: an imaging device; a timing generating 
device that generates a drive clock for driving said imaging device; a frequency 
dividing device that divides a frequency of said drive clock; an A/D converting 
device that converts an image signal outputted from said imaging device 

25 according to said drive clock into a digital image data; a selection device that 
selectively inputs one of said drive clock and a frequency-divided clock 
outputted from said frequency dividing device to a signal processing part; said 
signal processing part that captures said digital image data outputted from said 
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A/D converting device in synchronization with the one of said drive clock and 
said frequency-divided clock outputted from said frequency dividing device, and 
that processes said digital image data; a display that displays an image according 
to an image data outputted from said signal processing part to which said digital 
5 image data is inputted; and a recording device that records said image data 
outputted from said signal processing part to which said digital image data, 
outputted from said A/D converting device to which said image signal is 
outputted from said imaging device in response to an imaging start command 
signal, is inputted in synchronization with said drive clock. 

10 According to the present invention, the data is artificially thinned out by 

dividing the frequency of the clock and inputting the frequency-divided clock to 
the signal processing part to acquire an reduced image in accordance with a 
resolution of the display unit while a moving image is displayed. On the other 
hand, when an image is recorded, that is when the image data imaged in response 

15 to the imaging start command signal is recorded in the recording unit, the drive 
clock is inputted to the signal processing part without dividing the frequency to 
acquire an image with a multiple pixels. 

This enables the system to display a moving image in accordance with 
the resolution of the display unit without any restriction of a capacity of a built- 

20 in memory of the signal processing part and the conventional thinning function. 
Moreover, the frequency of the clock inputted to the signal processing part is 
lower than that of the conventional image processing unit while the moving 
image is displayed, and thus it reduces the consumption of the electricity at the 
signal processing part. 

25 BRIEF DESCRIPTION OF THE DRAWINGS 

The nature of this invention, as well as other objects and advantages 
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thereof, will be explained in the following with reference to the accompanying 
drawings, in which like reference characters designate the same or similar parts 
throughout the figures and wherein: 

Fig. 1 is a block diagram showing the structure of an image processing 
5 unit according to the embodiment of the present invention; 

Fig. 2 is a timing chart showing an example of thinning procession of the 
image data in case of a CCD whose pixels are arranged in G-stripe arrangement; 
and 

Fig. 3 is a timing chart showing an example of thinning procession of the 
10 image data in case of a CCD whose pixels are arranged in Bayer arrangement. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

Hereunder the preferred embodiment of the present invention is 
explained in detail according to the accompanying drawings. 

Fig. 1 is a block diagram showing the structure of an image processing 

15 unit 10 according to the embodiment of the present invention. The image 
processing unit 10 is applied to an electric camera with an image recording 
function and an image regenerating function, and mainly comprises a charge 
coupled device solid state imaging device (which will later be referred to as a 
CCD) 12, an analog processing part 14 with a CDS circuit, an A/D converter 16, 

20 a CCD drive circuit 18, a timing generator (TG) 20, a frequency divider 22, a 
selector 24, a signal processing part 26, a frame memory 28, a D/A converter 30, 
an liquid crystal display (LCD) 32, a recording unit 34, an operation unit 36, a 
central processing unit (CPU) 38 and so forth. 

The number of the pixels of the CCD 12 should be selected according to 

25 the required image quality. The CCD 12 has, for example, 2.3 million or so 
pixels, which are arranged in G-stripe arrangement with 1920 horizontal pixels. 
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An optical image, formed on a light-receiving surface of the CCD 12 through a 
taking lens (not illustrated), is converted into signal electric charges according to 
light incident amounts at the pixels of the CCD 12. The accumulated signal 
electric charges are transferred to vertical transfer routes in a row by read gate 
5 pulses from the CCD drive circuit 18. Then, clock pulses for a period are 
applied to electrodes of the vertical transfer routes to transfer the signal electric 
charges for one line to a horizontal transfer route (this action is referred to as a 
line shift). Then, a two-phase clock pulse (corresponding to a drive clock) is 
applied to an electrode of the horizontal transfer route to output signals for one 

10 horizontal line through an output part. The line shift and the horizontal transfer 
are repeated to read all the signal electric charges in the vertical transfer routes. 
In this way, voltage signals (analog image signals), corresponding to the 
accumulated electric charges at the pixels, are outputted sequentially from the 
output part of the CCD 12. 

15 In the CCD 12, a shutter drain is provided through a shutter gate, and 

driving the shutter gate with a shutter gate pulse wipes the accumulated signal 
electric charges to the shutter drain. Thus, the CCD 12 has what is called an 
electric shutter function that controls the accumulation time (shutter speed) of the 
electric charges accumulated in the pixels by the shutter gate pulse. 

20 The signals read from the CCD 12 are inputted to the analog processing 

part 14. The CDS circuit performs a sampling holding for each pixel and 
separates the signals into R, G and B signals, which is inputted to a gain control 
amplifier. The gain control amplifier amplifies the inputted R, G and B signals 
with appropriate gains to adjust the white balance. 

25 The R, G and B signals outputted from the gain control amplifier is 

converted to R, G and B dot-sequential digital signals, which is inputted to the 
A/D converter 16. The A/D converter 16 sequentially converts the inputted R, 
G and B digital signals into digital signals, which are inputted to the signal 
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processing part 26. 

A clock is outputted from the timing generator 20 controlled by the CPU 
20 to the CCD drive circuit 18, the analog processing part 14 and the A/D 
converter 16 to thereby synchronize the circuits. The clock is also outputted 
5 from the timing generator 20 to the frequency divider 22, that outputs a clock 
with 1/3 the frequency of the inputted clock. The outputted clock (frequency- 
divided clocks) is inputted to one input terminal of the selector 24. 

The clock outputted from the timing generator 20 is inputted to the other 
input terminal of the selector 24, and output of the selector 24 is switched 

10 according to a command (a selection signal) from the CPU 38. 

The image signals are outputted from the A/D converter 16 to the signal 
processing part 26 according to the clock from the selector 24, and the signal 
processing part 26 performs a predetermined processing. If the clock which has 
passed the frequency divider 22 is outputted from the selector 24, signals of 

15 pixels that synchronize with the frequency-divided clocks among the outputted 
signals from the A/D converter 16 are inputted to the signal processing part 26. 
On the other hand, the drive clock which has not passed the frequency divider 22 
is outputted from the selector 24, the signals of all the pixels are inputted to the 
signal processing part 26. 

20 The signal processing part 26 includes digital image processing circuits 

such as a luminance and color difference signal generating circuit (a YC 
processing circuit), a y correction circuit, a photometric value calculation circuit 
and a compression/expansion circuit. The signal processing part 26 produces a 
luminance signal and a chroma signal (color difference signals B-Y, R-Y). 

25 Image data obtained by the processing of the signal processing part 26 is stored 
in the frame memory 28. The image data outputted from the signal processing 
part 26 is converted into analog signals at the D/A converter 30, and is then 
inputted to the liquid crystal display 32 that displays the image being captured by 
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the CCD 12 on the monitor screen. 

The CPU 38 comprehensively controls the circuits in the image 
processing unit 10, calculates an exposure value, a focal position and so forth 
according to a predetermined algorithm and controls automatic exposure, auto 
5 focussing, auto strobe, auto white balance and so forth. The CPU 38 also 
controls mechanism part for zooming, focusing, etc., the display of the liquid 
crystal monitor 32 and the writing/reading of the recording unit 34 according to 
inputted signals from the operation part 36. 

In other words, the CPU 38 controls the electric charge accumulation 

10 time of the CCD 12 and a diaphragm (not illustrated) according to the exposure 
value calculated from the image signals inputted to the signal processing part 26, 
and also controls the gain control amplifier of the analog processing part 14 
according to a calculated RB gain value to set the white balance. The CPU 38 
also calculates a focus evaluation value which indicates a sharpness of the 

15 subject image from the image signals and calculates the focal position according 
to the focus evaluation value. The CPU 38 controls a focus optical system via a 
focus drive circuit based on the calculating focal position to set the focal position. 
The auto focus means is not limited to this; it may be a known focal means such 
as an AF sensor. 

20 Further, the CPU 38 controls a zoom optical system via a zoom drive 

control circuit according to a focal distance of the taking lens which is set by the 
user with a zoom switch included in the operation part 36. 

When an imaging start command signal is inputted to the CPU 38 by the 
process of the pushing operation of a shutter release button which is included in 

25 the operation part 36 or the like, the image signals read from the CCD 12 are 
inputted to the signal processing part 26 in synchronization with the drive clock 
which has not passed the frequency divider in response to the input of the 
imaging start command signal. After a predetermined processing, the image 
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signals are compressed as need arises and recorded in the recording unit 34. 
The recording unit 34 may be a detachable external recording medium such as a 
memory card, and may be an internal memory built-in a camera body. The 
imaging start command signal may be inputted from an outside of the unit, such 
5 as a remote control and an external connection instrument. 

The image data stored in the recording unit 34 can be read in accordance 
with the control of the CPU 38. The read image data is expanded, and then 
outputted to the liquid crystal monitor 32. In this way, the image data stored in 
the recording unit 34 can be regenerated. 

10 A description will now be given of the operation of the image processing 

unit 10 which is constructed in the above-mentioned manner. 

The image data of all the pixels read from the CCD 12, that is the image 
data outputted from the A/D converter 16 has 1920 horizontal pixels, while the 
resolution of the liquid crystal monitor 32 has 640 horizontal pixels in the video 

15 graphic array (VGA) resolution. Thus, the 1920 horizontal pixels of the image 
data need to be thinned out to the 640 horizontal pixels. In the image 
processing unit 10 according to the embodiment, the frequency divider 22 
outputs the clock with 1/3 the frequency of the clock from the timing generator 
20, and the outputted clock is inputted to the signal processing part 26. The 

20 image data inputted to the signal processing part 26 has 640 horizontal pixels. 

Fig. 2 shows the thinning processing. The A/D converter 16 converts 
the image data from the CCD 12 into the drive clock and the digital signal 
synchronous with the drive clock. In a moving image display mode, the CPU 
38 commands the selector 24 to input the output signal (the 1/3 frequency - 

25 divided clock) to the signal processing part 26 as a synchronous signal. 

R (red), G (green), B (blue), G, R, G, B, G, ... color information is 
outputted from the A/D converter 16 in repetition in the order of R, G, B and G 
color information in one horizontal line. If the image data is inputted to the 
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signal processing part 26 in synchronization with the 1/3 frequency-divided 
clock, the image data is inputted in the order of R, G, B, G, .. . color information, 
the same order as the data outputted from the A/D converter 16. In this way, 
the data with 640 horizontal pixels is inputted to the signal processing part 26. 

5 After a predetermined procession, the input data is outputted to the liquid crystal 
display 32, which display the moving image. The vertical pixels of the CCD 12 
is thinned out by not storing unneeded data in the memory after the input to the 
signal processing part 26, or the like. 

On the other hand, if the imaging start command signal is inputted to the 

10 CPU 38 from the shutter release button or the like, the CPU 38 commands the 
selector 24 to input the clock which has not passed the frequency divider 22 to 
the signal processing part 26. Thus, the image data which has not been thinned 
out is inputted to the signal processing part 26 to store the high quality image in 
the recording unit 34. 

15 In the image processing unit 10 according to the embodiment, the 

frequency of the clock is divided and the input data is thinned out in accordance 
with the resolution of the monitor. This reduces the processing burden on the 
signal processing part 26, and enables structuring a system for a moving image 
processing that is not restricted by the built-in memory or the thinning function. 

20 This also reduces the consumption of electricity at the signal processing part 26 
since the frequency of the clock inputted to the signal processing part 26 is 
decreased. 

The CCD 12 whose pixels are arranged in G-stripe arrangement is 
explained, but this invention should not be restricted to this. The data of a CCD 
25 whose pixels are arranged in Bayer arrangement may be thinned out without 
changing the arrangement by thinning out horizontal outputs to {l/(an odd 
number)}. 

Fig. 3 shows an example of thinning procession of the image data in case 
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of the CCD whose pixels are arranged in Bayer arrangement. In this case, a 
frequency divider, that divides the frequency of the drive pulse of the CCD 12 by 
5, is adopted in stead of the 1/3 frequency divider 22 in Fig. 1. 

In the moving image display mode, the CPU 38 commands the selector 
5 24 to input the output signal (the 1/5 frequency-divided clock) to the signal 
processing part 26 as a synchronous signal. 

When RG lines are read, R 5 G, R, G, R, G, ... color information is 
outputted from the A/D converter 16 in repetition in the order of R and G color 
information as shown in Fig. 3. If the image data is inputted to the signal 

10 processing part 26 in synchronization with the 1/5 frequency-divided clock, the 
image data is inputted in the order of R, G, R, G, . . ♦ color information, the same 
order as the data outputted from the A/D converter 16. 

Likewise, when GB lines are read, G, B, G, B, G, B, . . . color information 
is outputted from the A/D converter 16 in repetition in the order of G and B color 

15 information (not illustrated). If the image data is inputted to the signal 
processing part 26 in synchronization with the 1/5 frequency-divided clock, the 
image data is sequentially inputted in the order of G, B, G, B, G, B, ... color 
information. This enables thinning out the pixels without changing the 
arrangement of the pixels. 

20 The example where the frequency of the clock outputted from the timing 

generator 20 is divided by 3 or 5 with the CCD with the G-stripe or Bayer 
arrangement according to the arrangement and the frequency-divided clock is 
inputted to the signal processing part 26, but this invention should not be 
restricted to these frequency dividing rates. In the case of a widely used 

25 arrangement such as the G-stripe and Bayer arrangements, data can be thinned 
out without changing the arrangement of the pixels by dividing the frequency by 
an odd number. 1 is an odd number, but it is excluded since 1/1 is not included 
in a concept of dividing. 
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In case of an imaging device with another color filter arrangement, a 
frequency-dividing rate is set according to the arrangement so that the data 
outputted from the imaging device can be thinned out without changing the 
arrangement. The frequency dividing rate may be {l/(an odd number)}, and 

5 may be {l/(an even number)}. 

As explained above, according to the image processing unit of the present 
invention, the frequency of a drive clock is divided to generate a clock with less 
frequency than that of the drive clock and the frequency-divided clock is inputted 
to a signal processing part to thin out pixels of image data at the input to the 

10 signal processing part. This enables reduction of the capacity of a built-in 
memory and reduces the consumption of electricity. 

It should be understood, however, that there is no intention to limit the 
invention to the specific forms disclosed, but on the contrary, the invention is to 
cover all modifications, alternate constructions and equivalents falling within the 

15 spirit and scope of the invention as expressed in the appended claims. 



WHAT TS/CI AIMED IS: 
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1. 



An image processing unit, comprising: 



f a frequency dividing device that divides a frequency of a drive clock for 
an imaging device; 

an A/D converting device that converts an image signal outputted from 
said imaging device according to said drive clock into a digital image data; and 

a signal processing part that captures said digital image data outputted 
from said A/D converting device in synchronization with a frequency-divided 
clock outputted from said frequency dividing device, and that processes said 
digital image data. 

2. The image processing unit as set forth in claim 1, wherein said imaging 
device is a CCD solid state imaging device whose pixels are arranged in one of 
G-stripe arrangement and Bayer arrangement. 

3. The image processing unit as set forth in claim 1, wherein said frequency 
dividing device divides the frequency of said drive clock by an odd number. 

4. The image processing unit as set forth in claim 2, wherein said frequency 
dividing device divides the frequency of said drive clock by an odd number. 

5. The image processing unit as set forth in claim 1, further comprising a 
display that displays an image according to an image data outputted from said 
signal processing part. 



An image processing unit, comprising: 
an imaging device; 

a timing generating device that generates a drive clock for driving said 
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imaging device; 

a frequency dividing device that divides a frequency of said drive clock; 

an A/D converting device that converts an image signal outputted from 
said imaging device according to said drive clock into a digital image data; 

a selection device that selectively inputs one of said drive clock and a 
frequency-divided clock outputted from said frequency dividing device to a 
signal processing part; 

said signal processing part that captures said digital image data outputted 
from said A/D converting device in synchronization with the one of said drive 
clock and said frequency-divided clock outputted from said frequency dividing 
device, and that processes said digital image data; 

a display that displays an image according to an image data outputted 
from said signal processing part to which said digital image data is inputted; and 

a recording device that records said image data outputted from said signal 
processing part to which said digital image data, outputted from said A/D 
converting device to which said image signal is outputted from said imaging 
device in response to an imaging start command signal, is inputted in 
synchronization with said drive clock. 
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ABSTRACT OF THF DTSCT OST IRF 



In a moving image display mode, CPU commands a selector to input an 
output signal of a frequency divider to a signal processing part as a synchronous 
signal. In case of a CCD with G-stripe or Bayer arrangement, the frequency 
divider divides the frequency of a clock by an odd number (for example, 3 or 5) 
and the frequency-divided clock is inputted to the signal processing part. This 
thins out the pixels of image data to {l/(an odd number)} and the image data is 
inputted to the signal processing part without changing the arrangement of the 
pixels. The inputted image data is processed at the signal processing part, and 
then is outputted to the liquid crystal monitor, which displays a moving image. 
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International Application Number _ 
amended under PCT Article 19 on _ 



_ (if applicable) and/ or 

~ as PCT 

; and was 



(if applicable) 



I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as 
amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal 
Regulations, §1.56. 

I do not know and do not believe the same was ever known or used in the United States of America before my or our invention 
thereof, or patented or described in any printed publication in any country before my or our invention thereof or more than one 
year prior to this application, mat the same was not in public use or on sale in the United States of America more than one year 
prior to this application, that the invention has not been patented or made the subject of an inventor's certificate issued before the 
date of this application in any country foreign to the United States of America on an application filed by me or my legal 
representative or assigns more than twelve months (six months for designs) prior to this application, and that no application tor 
patent or inventor's certificate on this invention has been filed in any country foreign to the United States of America prior to this 
application by me or my legal representatives or assigns, except as fol lows. 

I hereby claim foreign priority benefits under Title 35, United States Code, §119(a)-(d) of any foreign application^) for pa 
or inventor's certificate listed below and have also identified below any foreign application for patent or inventor's certificate ha< 
a filing date before that of the application on which priority is claimed; 



>atent 
Lving 



Prior Foreign Application^) 



Priority Claimed 



No. 1 1 -221 1 5 


Japan 


January 29 f 1999 


□ 


□ 


(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 


No 








□ 


□ 


(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 


No 








□ 


□ 


(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 


No 








□ 


□ 


(Number) 


(Country) 


(Month/Day/Year Filed) 


Yes 


No 



I hereby claim the benefit under Title 35, United States Code, §119(e) of any United States provisional appHcations(s) listed below. 



Insert Provisional 
Application^): 
(if any) 



(Application Number) 



(Filing Date) 



(Application Number) 



(Filing Date) 



AH Foreign Applications, if any, for any Patent or Inventor's Certificate Filed More than 12 Months (6 Months for Designs) Prior to 
the Filing Date of This Application: 



Country 



Application Number 



Date of Filing (Month/ Day /Year) 



Insert Requested 
Information: 
(if appropriate) 



Insert Prior XJS. 
Application^): 
(if any) 



I hereby claim the benefit under Title 35, United States Code, §120 of any United States and/or PCT applications) listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior United States and/or PCT 
application in the manner provided by the first paragraph of Title 35, United States Code, §112, 1 acknowledge the duty to disclose 
information which is material to the patentability as denned in Title 37, Code of Federal Regulations, §1,56 which became available 
between the filing date of the prior application and the national or PCT international filing date of this application. 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



Page 1 of 2 



(Application Number) 



(Filing Date) 



(Status - patented, pending, abandoned) 



879-250P 



Attorney Docket No. 

I hereby appoint the following attorneys to prosecute this application and/or an international application based on this 
application ana to transact all business in the Patent and Trademark Office connected therewith and in connection with the 
resulting patent based on instructions received from the entity who first sent the application papers to the attorneys identified 
below, unless the inventor(s) or assignee provides said attorneys with a written notice to the contrary: 



Raymond C Stewart (Reg. No. 21,066) 

Joseph A. Kolasch (Reg. No. 22,463) 

Bernard L. Sweeney (Reg. No. 24,448) 

Charles Gorenstein (Reg. No. 29,271) 

Leonard R. Svensson (Reg. No. 30,330) 

Andrew D. Meilde (Reg. No. 32,868) 

Joe McKinney Muncy (Reg. No. 32,334) 

John W. Bailey (Reg. No. 32,881) 

Send Correspondence to: 



Terrell C Birch (Reg. No. 19,382) 

James M Slattery (Reg. No. 28,380) 

Michael K. Mutter (Reg. No. 29,680) 

Gerald M. Murphy, Jr. (Reg. No. 28,977) 

Terry L. dark (Reg. No. 32,644) 

Marc SL Weiner (Reg. No. 32,181) 

Donald J. Daley (Reg. No. 34,313) 

John A. Castellano (Reg. No. 35,094) 



BIRCH, STEWART, KOLASCH & BIRCH, LLP 
P.O. Box 747 • Falls Church, Virginia 22040-0747 or 
Telephone: (703) 205-8000 • Facsimile: (703) 205-8050 



Customer No. 2292 



I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title IB of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued thereon. 
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